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Abstract 
As molten salts are becoming more and more popular with electricity generation and other industries which need 
molten salts as thermal energy storages, our attentions on molten salts’ thermophysics properties are increasing every 
year. Thermal conductivity is a key parameter when designing apparatus applied in related industries. Although there 
are some researchers studying the thermal conductivity of molten salts for years, few can measure it accurately. Most 
of them measure the thermal conductivity of molten salts by steady-state concentric cylinder method because the 
method is simpler and easier to design and carry out. In this paper, the steady-state concentric cylinder method for 
determining thermal conductivity of sodium nitrate is simulated with pure conduction condition and natural 
convection is considered later. The influence of natural convection on molten salt heat transfer is discussed at last. 
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1. Introduction 
Molten salts are becoming more and more popular with electricity generation and other industrial 
applications [1]. The thermophysics properties of these high-temperature molten salts are necessary for 
development of new designs. In spite of many methods being reported for the determination of thermal 
conductivity in the literature (see Table 1), reliable data are still lacking. Large discrepancies in 
experimental data were also observed. The different techniques for determining the thermal conductivity 
of molten salts can be classified into steady-state, non-steady state and transient methods. The most 
accurate transient technique is based on a transient hot wire method, where the thermal conductivity can 
be obtained from the linear portion of a plot of the temperature rise versus logarithm of time, while 
steady-state methods have relatively simpler equipment design, simple and reliable equations as well as a 
rather high data accuracy. Lucks and Deem and Lane, McPherson, and Maslan [2] used the horizontal 
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layer method but their results seemed to be rather high compared to existing data. Tsederberg [3] noted 
that it was very difficult to eliminate convection in this case. In this paper, the steady-state concentric 
cylinder method for determining thermal conductivity of sodium nitrate is simulated with pure conduction 
condition and natural convection is considered later. The influence of natural convection on molten salt 
heat transfer is discussed at last. 
 
Table . Summary of thermal conductivity measurements of molten NaNO3 
 
Method Researchers and years 
Transient hot wire Turnbull(1961)[4-5], McLaughin(1964)[6], Omotani(1982)[7], Kitade(1989)[8] 
Concentric cylinder R.Tufeu(1985)[1], Bloom(1965)[9], White and Davis(1967)[10], McDonald and Davis(1970)[11] 
Parallel plate Satini(1984)[12] 
Optical interferometry Gustasson(1968)[13] 
 
2. Simulation results and discussion 
2.1.  Physical model 
R.Tufeu, Bloom et al, White and Davis, McDonald and Davis [1, 9-11] 
used the concentric cylinder method to determine the thermal conductivity of 
molten salts, but their results had large discrepancies.  
Fluent is selected to simulate the case with the parameters of R.Tufeu(see 
Table 2). The schematic of R.Tufeu’s apparatus is shown as Fig.1. In the 
simulation, the concentric cylinder model is three-dimensional. It is respectively 
heating rod, inner cylinder, gap, outer cylinder from the inside out. The heating 
rod is a volumetric source and the heat loss is 20%. The upper closing piece and 
lower closing piece is adiabatic. Heat is passed along radial direction. The 
calculation is initialized at 580K. 
 
Table 2. Parameters of concentric cylinder of R. Tufeu 
 
Zone Materials 
Dimensions 
(mm) 
ρ 
(kg/m3) 
Cp 
(j/kg▪K) 
λ 
(W/m▪K) 
ν 
(kg/m▪s) 
Heat power 
(W) 
Internal 
cylinder 
Silver 
Diameter:20 
10500 251.208 360.1811 — 
15 
Length:120 
External 
cylinder 
Silver 
Diameter:50 
10500 251.208 360.1811 — 
Length:200 
Gap NaNO3(600K) Thickness:0.2 2320 1822 0.5126 2.61 
 
2.2.  Molten salt heat transfer without natural convection 
Fig.1. The schematic of 
R.Tufeu’s apparatus 
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On this condition, the density is constant. When temperatures of inner face and outer face of gap 
don’t change any more, the temperature distribution is shown as Fig.2. The final temperatures of inner 
face and outer face of gap are respectively 587.1442K and 586.5984K. The temperature difference is 
0.5458K. 
2.3.  Molten salt heat transfer with natural convection 
On this condition, the density is dependent on temperature. When temperatures of inner face and 
outer face of gap don’t change any more, the temperature distribution is shown as Fig.2. The final 
temperatures of inner face and outer face of gap are respectively 581.3725K and 580.8314K. The 
temperature difference is 0.5411K. 
Natural convection doesn’t occur basically because of the very small gap (0.2mm). R.Tufeu 
mentioned that this small value was selected to minimize the exchange of heat by convection and the 
corrections related to the radiation-conduction coupling. 
 
                   Fig.2. Temperature distribution (gap=0.2mm)                                   Fig.3. Temperature distribution (gap=2mm) 
 
2.4.  Further simulation 
Now the gap value is changed and the simulation is done with natural convection. The results are 
shown as Table 3. 
 
Table 3. The results of different gap values with natural convection 
 
Gap 
Thickness 
Δr (mm) 
Inner wall 
temperature 
T1 (K) 
Outer wall 
temperature 
T2 (K) 
Temperature difference 
ΔT (K) 
Calculated thermal conductivity 
λ ˄W/m▪K˅ 
0.2 581.3725 580.8314 0.5411 0.5825 
0.5 587.5391 586.2079 1.3312 0.5833 
1 592.4364 589.8412 2.5952 0.5845 
1.5 593.3724 589.5772 3.7952 0.5861 
2 595.993 591.0568 4.9362 0.5878 
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It is can be seen from the table above that calculated thermal conductivity gets bigger with the gap 
thickness getting larger.  
The following table (see Table 4) shows the natural convection intension of different gap thickness. 
It is observed obviously that natural convection becomes more intense with the larger gap thickness. 
 
Table 4. The natural convection intension of different gap thickness 
 
Gap thickness (mm) 0.2mm 0.5mm 1.0mm 1.5mm 2.0mm 
Max velocity of 
natural convection 
(m/s) 
5.1668h10-10 6.7736h10-9 5.1985h10-8 1.8431h10-7 3.9598h10-7 
 
3.  Conclusions 
Natural convection may happen by using steady-state concentric cylinder method. The larger the gap 
thickness value, the more intense the natural convection. Thus we can come to a conclusion that the gap 
thickness value must be enough small by using the concentric cylinder method. 
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